Plant endogenous small RNAs (sRNAs) are important regulators of gene expression. 23
We gathered sRNA-seq libraries from each genome ( Figure 1A) . In most cases, these 160 data were from public sequencing archives ( Supplemental Table S1 ). In a few cases, we also 161 generated novel sRNA-seq libraries (Zea mays, Spinacia oleracea, Daucus carota, Theobroma 162 cacao; Supplemental Table S1 ). We sought to annotate the full diversity of sRNA loci and thus 163 selected libraries with the goal of including as many different tissues and conditions as possible. 164 However, we excluded low-depth sRNA-seq datasets (less than two million reads aligned to the 165 genome) and also excluded sRNA-seq datasets from mutants known to affect sRNA biogenesis 166 or stability. For each given genome assembly, all cognate sRNA-seq libraries were aligned and 167 then merged into a single master sRNA alignment which we call the "reference set" ( Figure 1A) . 168 Reference sets had considerable variation in both total number of sRNA reads (minimum: 169 2.1E6, median: 1.6E8, maximum: 4.1E9) and in number of contributing sRNA-seq libraries 170
(minimum: 1, median: 11, maximum: 161)(Supplemental Fig. S3 ). 171
For annotation, we first identified genomic regions producing sRNAs, independently in 172 all sRNA-seq libraries with ShortStack (Axtell 2013b; Johnson et al. 2016 ). Then we compared 173 the sRNA expression from different samples of the same species and identified the regions that 174
were robustly expressing sRNAs in at least three separate samples. Millions of discrete sRNA 175 clusters were annotated in this way and defined as sRNA-producing loci, which were then 176 analyzed in the genome-aligned reference sets. Canonical plant miRNAs and siRNAs are 177 between 20 and 24 nucleotides in length, while other types of sRNA loci produce a broader 178 range of RNA sizes. For each locus, we computed the fraction of aligned sRNA-seq reads that 179
were 20-24 nucleotides long. We found that these fractions had consistent bimodal 180 distributions in the various genomes ( Figure 1B ). Based on these distributions, we used a cutoff 181 of 80% to discriminate canonical siRNA/MIRNA loci from 'OtherRNA' loci ( Figure 1C ). We then 182 developed a simplified ontology to describe the siRNA and MIRNA loci: 'MIRNA' loci were those 183 that met all MIRNA annotation criteria, while 'nearMIRNA' loci met most criteria except for that 184 the exact predicted miRNA*, the complementary strand to the mature miRNA in the miRNA-185 miRNA* duplex, was not sequenced. The remaining loci were classified as siRNA loci based on 186 the predominant length of aligned sRNAs within each locus ( Figure 1C ). This ontology has the 187 advantage of being applicable to any genome regardless of any other annotations or 188 information. We also devised a simple nomenclature to systematically name the sRNA loci 189 ( Figure 1D ). In total, we annotated approximately 2.7E6 sRNA-producing loci from the 48 190 genome assemblies ( Supplemental Table S2 ; also see 191 http://plantsmallrnagenes.science.psu.edu for easier access and more analysis options). 192
The 'OtherRNA' category of loci, defined by having less than 80% of aligned reads with 193 sizes between 20-24 nucleotides in length, typically comprised less than half of all loci in the 194 flowering plants (Supplemental Fig. S4A,B ). In contrast, the majority of loci identified in one 195 gymnosperm and two bryophyte genomes were annotated as OtherRNA (Supplemental Fig.  196 S4A,B). Across all taxa, OtherRNA loci typically contributed large fractions of total read 197 abundance (Supplemental Fig. S4C ,D). This is because many of the OtherRNA loci represented 198 clusters of short fragments derived from highly abundant, longer RNAs, such as rRNAs, tRNAs, 199
and plastid-derived mRNAs. There is evidence that some plant RNAs longer than 24 nucleotides, 200 or shorter than 20 nucleotides, may function as gene-regulatory factors (Martinez et al. 2017 ); 201 such loci will have been annotated in the OtherRNA category by our procedure. Nonetheless, 202
we focused our subsequent analyses on the MIRNA, nearMIRNA, and siRNA loci dominated by 203 20-24 nucleotide RNAs because these sizes are most clearly associated with production by DCL 204 endonucleases and usage by AGO proteins. By default, ShortStack assigns a phasing score to the 205 sRNA loci based on the algorithm described in Guo et al. 2015 . However, an accurate 206 annotation of the phasing would require a more complex study to avoid false positives that may 207 be produced by the commonly used phasing-detecting algorithms (Polydore et al. 2018 ). 208
Therefore, we did not further analyze the phasing of the sRNA loci in this analysis. 209
After excluding OtherRNA loci, the remaining loci were mostly designated siRNA24 in 210 angiosperms ( Figure 1E -F). In contrast, and consistent with prior reports (Dolgosheina et al. 211 2008; Axtell and Bartel 2005), gymnosperm and bryophyte loci were less dominated by the 212 siRNA24 type and instead had more siRNA21 loci. When tallied by sRNA abundance, MIRNA and 213 siRNA21 loci made substantial contributions in all taxa ( Figure 1G -H). This indicates that a 214 relatively small number of MIRNA and siRNA21 loci produce high levels of their respective 215 sRNAs. In a number of species, the proportion of 22 nucleotide siRNAs was also substantial and 216 this trend was particularly consistent amongst the asterids ( Figure 1H ). In most cases, 217
angiosperms had more annotated sRNA loci compared to non-angiosperms (Supplemental Fig.  218 S4A, Figure 1E ). However, that comparison is potentially complicated by the different amounts 219 of input sRNA reads used for each species (Supplemental Fig. S3 140000 JBrowse-based genome browser is available for each of the 48 genomes. Genome browsers are 243 customized to display sRNA-seq data based on sRNA size, strand, and multi-mapping ( Figure  244 2A Chromosomal distribution of sRNA loci and association with protein-coding genes 264 265
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Small RNA loci proportions
Where feasible based on genome assembly quality, we compared the distribution of 266 sRNA loci and genes across entire chromosomes and confirmed that the most common trend is 267 a positive correlation between gene density and sRNA density (Supplemental Fig. S5 ), as has 268 previously been shown in several prior species-specific studies ( showed a similar trend to A. thaliana (Supplemental Fig. S5 ). Chinese cabbage and sweet 273 orange also showed a slight inverse correlation between the gene and the sRNA loci 274
distributions. Finally, soybean had a general positive correlation between genes and sRNA loci 275 but in the most distal segments of the chromosome arms it showed a local negative correlation 276 (Supplemental Fig. S5 ). 277 We examined siRNA21 loci and siRNA24 loci locations relative to protein-coding genes. 278
Other types of sRNA loci were excluded due to their lower frequencies. Coverage of protein-279
A B
coding genes and flanking 5kb regions by siRNA21 or siRNA24 loci was calculated and 280 normalized. siRNA21 loci had a striking tendency in nearly all taxa to overlap with protein-281 coding genes ( Figure 3A ). In contrast, siRNA24 loci were strongly depleted in protein-coding 282 genes in most angiosperms ( Figure 3B ). siRNA24 loci were often strongly enriched in the 5'-283 proximal regions upstream of protein-coding genes. There were, however, some notable 284 exceptions to this pattern. There was no upstream peak of siRNA24 loci in bryophytes and the 285 gymnosperm ( Figure 3B ), which is consistent with the generally low levels of siRNA24 loci in 286 these taxa ( Figure 1 ). The basal angiosperm Amborella trichopoda was unusual in that siRNA24 287 loci were not depleted in gene bodies at all ( Figure 3B ). Finally, the model plant A. thaliana also 288 lacked a conspicuous upstream gene-proximal enrichment of siRNA24 loci. This observation, 289
together with the unique chromosomal distribution of sRNA loci in A. thaliana, suggests that A. showing normalized coverage of protein-coding genes +/-5kb by siRNA21 loci. Each row is a 296
given species (See Table 1 Distribution of sRNAs in exons and introns of protein-coding genes 303 304
We then analyzed the distribution of sRNAs mapped to protein-coding genes, relative to 305 the mRNA exons/introns and relative to the coding/non-coding strand of the mRNA (Figure 4 ). 306
Although siRNA24 loci were generally depleted in mRNAs ( Figure 3 ), their very large numbers 307 still resulted in many overlaps, and therefore they were included in this analysis (Supplemental 308 siRNA21 loci at CDS−containing genes Position (nts or percent of gene) −5000 −3000 −1000 −1 1 1000 3000 5000 S6 ). For each species, we calculated the proportion of mRNAs that have 0% to 100% sRNAs 309 mapped to the exons and the proportion of mRNAs that have 0% to 100% sRNAs mapped to the 310 same strand of the mRNA. The proportions were plotted separately for mRNAs containing 311 siRNA21 and siRNA24 loci. mRNAs containing siRNA21 loci showed a strong association with 312 sRNAs arising from exons in the vast majority of the species ( Figure 4A ). These exonic 21 313 nucleotide siRNAs are most likely secondary siRNAs derived from the processing of the mRNAs. 314
In contrast, in the mRNAs containing siRNA24 loci, sRNAs were primarily generated from 315 introns in nearly all species ( Figure 4B ). Because 24 nucleotide siRNAs are known to be enriched 316
in TEs, these intronic 24 nucleotide siRNAs could often be generated from intronic TE 317 insertions. Some species showed a lesser association of siRNA24 loci with introns: this may be 318 caused by differences in the annotation of TEs, which can sometimes be erroneously annotated 319
as mRNAs. The siRNAs at both siRNA21 and siRNA24 loci typically originated from both strands 320 of their associated genes ( Figure 4C -D). This trend is consistent with processing from dsRNA 321 precursors, as opposed to breakdown products from the mRNAs themselves. Each row is a given species (See Table 1 
To begin to understand the function of genes associated with sRNA loci, we performed 338 GO enrichment analysis on the protein-coding genes that contained siRNA21 or siRNA24 loci, or 339 siRNA24 loci in their 1 kb upstream region ( Figure 5 ). For 38 of the 48 plant genomes, we were 340 able to easily retrieve adequate GO annotations. These were used to perform Fisher's Exact 341
Test in Blast2GO in each species (FDR < 0.05). We plotted the frequency at which the GO terms 342
were found enriched amongst the species to find conserved terms ( Figure 5A ). Enriched GO 343 terms commonly found in at least ten species were considered to be well conserved, because at 344 this number the frequency distribution inverted after gradually decreasing to zero. Genes 345 containing siRNA21 and siRNA24 loci had respectively two and eight well conserved GO terms. 346
In contrast, genes with siRNA24 loci within their 1 kb upstream region had no enriched GO term 347
shared by ten or more species. The species distribution of the well conserved GO terms ( Figure  348 5B) revealed that the "ADP binding" term was enriched in genes containing siRNA21 loci in 349 rosids, asterids, in A. trichopoda and only in one monocot (wheat terms mostly found in all clades and with different molecular functions ( Figure 5B ): "terpene 359 synthase" and "heme binding" (mostly cytochromes P450 and other peroxidases) were the 360 most conserved, followed by five others, including the "ADP binding" function. We hypothesize 361 that the genes with these specific functions might be particularly frequent targets of intronic TE 362 insertions silenced by 24 nucleotide siRNAs. conserved enriched GO terms, common to ten or more plant species (car-b2.0, egu-b5.1, mac-373 b2, pab-b1.0c, ppt-b3.0 and mpo-b3.0 were not displayed because they were not enriched in 374 any of these terms). Each row is a given species (See Table 1 for species codes), grouped 375 taxonomically. Eu: eudicots, BA: basal angiosperm. 376 377
Disease resistance genes and other genes producing siRNAs in monocots 378 379
We further examined the nature of the genes containing exonic sRNA loci in monocots. 380
This was of interest because the regulation of disease resistance genes by sRNAs in monocots 381
has been described only in barley and wheat so far Zhang et al. 2019 ). Genes 382 containing exonic siRNA21 and siRNA22 loci were both studied, because within the monocots, 383 maize produced high quantities of 22 nucleotide siRNAs (Figure 1) , whose function is not well-384
understood. The genes were manually screened to discard those with stacks of sRNA reads 385 mapped at only one or two unique positions, that could be alignment artifacts or miRNA-like 386 sRNAs. Known miRNA matches, lowly expressed sRNA loci (< 1 RPM, reads per million), 387
transposons and inverted repeats were also discarded. In total, 524 genes in the nine monocots 388
were selected as containing robust siRNA21 and siRNA22 loci ( Figure 6A , Supplemental Table  389 S3). Maize was the only species where the majority of genic siRNA loci were siRNA22 loci; 390
wheat also had some genic siRNA22 loci. This suggests that in maize and maybe wheat, the 22 391 nucleotide siRNAs could be a functionally active class of sRNAs in the regulation of genes, in 392
addition to the 21 nucleotide siRNAs. 393
Evidence of sRNA expression from genes annotated as or having sequence homology 394 with disease resistance genes, was found in seven species ( Supplemental Table S3 In oil palm and banana, 33 and 34 disease resistance genes, produced 21 nucleotide siRNAs, 397
respectively. Disease resistance genes evolve rapidly by tandem duplications (Yang and Huang  398 2014), whose expression may be controlled by siRNAs. In the banana genome we found an 399 example of this where two clusters of disease resistance genes, both on chromosome 3, 400
contained 23 and 15 genes in tandem in a range of ~137 and ~130kb, respectively, that were 401 sources of 21 nucleotide siRNAs. In B. distachyon and sorghum, we found seven and six 402 resistance genes producing 21 nucleotide siRNAs, respectively, while in maize only one 403 resistance gene produced 22 nucleotide siRNAs. In rice and foxtail millet there were no disease 404 resistance genes associated with exonic 21 or 22 nucleotide siRNAs. This result suggests that 405 the siRNA-mediated regulation of resistance genes could be conserved in a larger number of 406 monocots than just barley and wheat but be selectively absent in some other monocots like 407 rice. 408
Genes with different functions than resistance genes also contained siRNA21 and 409 siRNA22 loci in monocots and a few were conserved in multiple species (Supplemental Table  410 S3). Example of these genes include: TAS3 genes, auxin responsive genes, kinase genes, genes 411 encoding transport inhibitor response 1-like (TIR1-like) proteins, predicted E3 ubiquitin ligase 412 genes, genes encoding or similar to DNA-directed RNA polymerases, two-component response 413
regulators and methyl-CpG-binding domain-containing proteins. Genes participating in sRNA 414 pathways were also found to be sources of siRNAs: HEN1 SUPPRESSOR1 (HESO1, Figure 6B ) and 415 AGO108 in maize, DOMAINS REARRANGED METHYLTRANSFERASE 2 (DRM2) in rice, a predicted 416 AGO1B in sorghum and three predicted copies of AGO2 in wheat. As it is visible by the sRNA 417 alignment coverage in HESO1 ( Figure 6B ), sRNAs were expressed from multiple adjacent exons. 418
This pattern of sRNA expression that reflects the mature mRNA structure was observed in many 419 genes and strongly suggests that these exonic 21 and 22 nucleotides sRNAs are secondary 420 siRNAs, originated from the processing of the mRNA by a DCL protein. Annotated sRNA loci were grouped into putative families based on the sequences of the 433 most abundant single sRNA (the 'major RNA') produced by each locus ( Supplemental Table S4 ). 434
Loci were considered to be members of the same family if the sequences of their major RNAs 435 
Genes containing siRNA21 and siRNA22 loci in monocots
A had up to two mismatches with each other; these criteria are similar to those commonly used 436 to group MIRNA loci into families. Most of the resulting families (1,556,834; 85.3%) had only a 437 single locus ( Figure 7A ) and relatively few families (38,794; 2.1%) were present in more than a 438 single species ( Figure 7B ). Even fewer families (1,968; 0.1%) were present in more than one 439 major taxonomic group ( Figure 7C ). In general, the proportions of MIRNA, nearMIRNA, and 440 siRNA21 loci were higher for more extensively conserved families ( Figure 7D-F Proportion of loci Overall, we created a resource that will be useful for future sRNA studies. Thanks to the 479 standard annotation and classification methods followed for all genomes, our sRNA annotations 480 and alignments can be directly visualized or downloaded from our web-server and compared 481 between species. Our web-server is a practical way to quickly interrogate existing plant sRNA 482 data in a usable format and will enable scientists to rapidly search for evidence of sRNA 483 expression in specific regions in a species or investigate the conservation of single sRNA 484 sequences across species. 485 486
Multiple protein-coding gene families are sources 21 nucleotide siRNAs in dicots and 487 monocots 488 489
The best characterized case of protein-coding genes generating secondary siRNAs are 490 the disease resistance genes, whose expression is kept under control by secondary siRNA 491 production to avoid fitness loss (Yang and Huang 2014) . We confirmed expression of 21 492 nucleotide siRNAs from exons of resistance genes in the rosid and asterid clades and expanded 493 the number of monocot species that also showed this evidence, suggesting that this pathway 494 might be more broadly conserved than what is known. In none of the three studied 495 caryophyllales species the protein-coding genes containing siRNA21 loci were enriched in the 496 GO:ADP binding term, characteristic of resistance genes. This could result from incomplete 497 gene/GO annotations in spinach, sugar beet and quinoa, missing real resistance genes. 498
Alternatively, these secondary siRNAs might be reduced in caryophyllales because the number 499 of disease resistance genes in this clade is lower compared to the typical expansion of this gene 500 family in rosids and asterids or because in caryophyllales, specific subfamilies of resistance 501
genes have expanded that might be differentially regulated (Dohm et al. 2014; Xu et al. 2017; 502 Funk et al. 2018 ). 503
In the literature, the number of known protein-coding genes producing secondary 504 siRNAs in monocots is smaller than in dicots. Accordingly, from our analyses, the enrichment of 505 siRNA21 loci in protein-coding genes was less evident in monocots compared to dicots and also 506 the tendency of 21 nucleotide siRNAs to map to exons was smaller in monocots. For these 507 reasons, we decided to manually screen the monocot species for evidence of 21 nucleotide 508 siRNA production from protein-coding genes. We described a number of gene families, more or 509 less conserved in the nine monocots, that produced 21 nucleotide siRNAs, and also 22 510 nucleotide siRNAs in maize and wheat. In many cases, the siRNAs were expressed specifically 511 from multiple adjacent exons, supporting the hypothesis that they are secondary siRNAs 512 processed from mature mRNAs. Some of the genes found were previously described as sources 513
of secondary siRNAs in other species, for example kinase genes predicted AGO1B and in rice from DRM2. DRM2 is a known target of miR820 in rice (Nosaka et  524 al. 2012), which could be the trigger miRNA for the production of the observed 21 nucleotides 525 siRNAs. We reported many more genes in monocots that spawned 21 or 22 nucleotide long 526 siRNAs, belonging to different families. These genes represent an interesting set to research in 527 the future to better characterize the nature of genic siRNAs. The next obvious step will be 528 searching for possible miRNA triggers and examining the phasing pattern of siRNA expression in 529 each specific gene, to confirm that these siRNAs are secondary siRNAs. 530 531
Different hypotheses on 22 nucleotide siRNA functions 532 533
We found that asterids consistently had considerable proportions of siRNA22 loci, while 534 in the other clades, only certain species (soybean, cassava and maize) had this same trend. 535
There are several hypotheses that could explain the presence of 22 nucleotide siRNAs in a 536 genome: they could originate from MIRNA or MIRNA-like loci that were missed by our 537 annotation method, from endogenous direct or inverted repeats (Kasschau et al. 2007 ), or from 538
protein-coding genes, as we observed in maize. Alternatively, these siRNA22 loci could express 539 siRNAs involved in the non-canonical RdDM pathway to silence active TEs (Matzke and Mosher  540 2014), as it was proposed for maize (Nobuta et al. 2008 ). Active retrotransposons have been 541 described in asterids, for example the Tto1 element or the Tnt1 element, which has many 542 copies that are still transcriptionally active in tobacco (Casacuberta et al. 1997 ) and lettuce 543 (Mazier et al. 2007 ). In this hypothesis, what still remains unclear is why we observed 544 expression of 22 nucleotide siRNA most often in the asterids and not in the grasses, where 545 retrotransposon transcription is very prevalent (Vicient et al. 2001 ). If the 22 nucleotide siRNAs 546 come from active retrotransposons, then the ability to detect their expression could depend on 547 the specific samples analyzed, because retrotransposons are only active during certain stages of 548 plant development or stress conditions (Flavell et al. 1992 ). Lastly, 22 nucleotide siRNAs could 549
target Endogenous Viral Elements, virus segments that are integrated in the host genome, that 550 form inverted repeats (Pooggin 2018) . To understand the role of the siRNA22 loci, the next step 551
in future research will be the genome-wide profiling of the genomic regions where these loci 552 map, discriminating between genes, intergenic regions and different classes of TEs. 553 554
Roles of 24 nucleotide siRNAs in regulating protein-coding gene expression 555 556
We assumed that the distribution of the total sRNA loci across the chromosome length 557
reflected the distribution of the siRNA24 loci, because these accounted for the vast majority of inverse correlation between siRNA24 locus and gene densities, like sweet orange. Differences in 563 siRNA24 locus distribution and influence on gene expression might be directly explained by 564 differences in TE composition between genomes. Accordingly, it was previously suggested that 565 the transcription of gene networks can be balanced by the genome distribution of TEs (Freeling 566 et al. 2015) , which can be highly variable among species (Vicient and Casacuberta 2017) . In 567 many cases, a few TE families have increased their copy number in one lineage (Baidouri and 568 Panaud 2013). For example, a single type of LTR retrotransposon is responsible for most of the 569 hot pepper genome expansion (Park et al. 2012 ). 570
The angiosperms analyzed were strongly enriched in siRNA24 loci in the 5'-proximal 571 regions upstream of protein-coding genes. In A. thaliana, this distribution was much less strong 572 but the enrichment of siRNA24 loci in the 5' upstream region compared to the gene body 573 region was still evident. The function of siRNA24 loci at these sites has been widely studied in influence their expression by inhibiting interactions between the promoters and their potential 583 distant regulatory elements (Rowley et al. 2017) . Similarly, most angiosperms were also 584 enriched in siRNA24 loci at the 3'-proximal regions downstream of genes, where the RdDM 585 activity seems to reduce the readthrough transcription by Pol II into neighboring genes or TEs 586 (Erhard et al. 2015) . 587
When siRNA24 loci were found inside protein-coding genes, they were mostly in introns.
588
A few gene families were most commonly targeted by 24 nucleotide siRNAs in both dicots and 589 monocots. Two possible reasons might explain why these specific genes were a common target 590 of 24 nucleotide siRNAs. On one side, families like disease resistance genes evolve rapidly, 591 creating high numbers of partial genes and pseudogenes (Luo et al. 2012 ) that might be 592 suppressed by the activity of 24 nucleotide siRNAs (Kasschau et al. 2007 ). This could also be the 593 case of polygalacturonases that are encoded by a large gene family. An accurate study of the 594 protein-coding gene annotations, precisely separating genes from pseudogenes, would be 595 necessary to verify this hypothesis. On the other side, gene families like disease resistance 596 genes control adaptive responses to the environment, making them frequent targets of TE 597 transposition events (Quadrana et al. 2016) . Although the majority of TE insertions in genes are 598 deleterious, they can be advantageous and therefore be retained as source of variability, which 599 is essential in environmental response genes to adapt to the ever-changing environment. As a 600 consequence, new TE insertions are overrepresented in genes that respond to environmental 601 stresses (Grover et al. 2003; Miyao et al. 2003) . Also in cytochrome P450s, a family known to 602 participate in stress responses, frequent TE insertions were described as a strategy for 603 variability (Chen and Li 2007) and this could explain why these genes were frequent targets of 604 24 nucleotide siRNAs. Likewise, serine-type carboxypeptidases, which participate in protein 605 degradation, and xenobiotic transmembrane transporters, which work in xenobiotic 606 detoxification pathways together with cytochromes P450, both play pivotal roles in plant 607 defense responses and therefore could be frequent targets of TE insertions controlled by 24 608 nucleotide siRNAs. To verify if the intronic 24 nucleotide siRNAs influence the regulation of the 609 genes that they target, it will be informative in the future to examine mutants lacking the 610 production of 24 nucleotide siRNAs and observe if these gene families tend to be altered in 611 their expression. 612 613
Conservation of siRNAs 614 615
The sequence comparison of the most abundant sRNA expressed from each locus 616 revealed a very low level of conservation of siRNAs across species, not just between distant 617 species but also between close relatives. Studying the conservation of siRNAs is complicated by 618 the fact that the siRNA population can vary substantially between different organs of the same 619 plant species (Ha et al. 2009 it contained a greater number of siRNA21 loci than siRNA22 loci it was classified as containing 736 siRNA21 loci. In case there were the same number of siRNA21 and siRNA22 loci, the gene was 737 classified based on the longest locus. The description of the genes ( Supplemental Table S3 ) was 738 copied from the gene annotation files retrieved from the same online resources used for the 739 genome sequences (see https://plantsmallrnagenes.science.psu.edu for sources of genomes 740 and gene annotations files). For species without available gene annotations, the function of the 741 genes was predicted using BLAST ( 
